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THE METABOLISM OF NTTROGEK IN MAN
.
Of all the elements considered in metabolism experiments,
nitrogen appears to be the one upon which most work has been done.
Since the end products of protein or nitrogen metabolism are ex-
creted almost entirely in the urine, they can be readily collected
and prepared for analysis. The development of the Kjeldahl method
for the determination of nitrogen made the study of nitrogen metab-
olism an easy and rapid one to follow. In addition to these
reasons, the great importance attached by earlier investigators to
protein as a food, the belief that it was of more importance to the
body than both fat and carbohydrates account, in part, for the
enormous amount of work that has been done upon the subject of the
metabolism of nitrogen, in man and in other animals. Regarding
man alone, the subject has been considered from many sides; man
under normal conditions and abnormal conditions, in health and in
disease. The subject has been studied in relation to certain
diets or the value of certain substances as articles of diet; to
determine the influences of drugs and preservatives, of muscular
work, of inanition and other conditions of life or environment . It
is the purpose of this paper to consider only those experiments
and that work which deal with man under normal conditions; that
is, normal health and normal diet. Reference to other works will
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BIBLIOGRAPHY AND REVIEW.
1. Atwater and Langwo rthy
:
A Digest of Metabolism Experiments,
Bulletin 45, Office of Experiment Station, IT. S.
Department of Agriculture, Washington, 189?.
A digest of metabolism experiments in which the balance
of income and outgo was determined. The most important and
complete experiments up to 1894, and a few after that year, are
included. The experiments abstracted include those with man and
animals. They are carefully classified; e.g., those dealing with
man—healthy subjects—are arranged in groups as follows:
A. Healthy subjects, influence of diet:
(1) vegetarian diet, (2) milk diet, (3) bread and
other single food materials, (4) alcoholic beverage added to diet,
(5) peptones and similar preparations added to diet, (6) to
determine amount of protein required, (7) miscellaneous experiments
on the influence of diet.
B. Healthy subjects, influence of other conditions
than diet:
(1) fasting, (2) drugs, (3) muscular exertion and
the excretion of nitrogen, (4) massage and faradization, (5) baths
and enemas, (6) influence of pregnancy and childbirth, (?)
menstruation, (8) copious and diminished water drinking, (9)
subjects breathed compressed air.

The data are tabulated and are supplemented in the text
by discussions of the purposes, methods, conditions and conclu-
sions of the experiments. In all, 2299 individual tests or
averages, made with man, are abstracted.
2. P. 0. Neuman:
Experimentelle Beitrage zur Lehre von dem taglichen
Nalirungsbedarf des Menschen unter besonderer
Berucksiehtigung der Notwendigen Eiweissmenge
.
Arcbiv. f . Hygiene, Band 45, p. 1, 1902.
This article consists of "experimental contributions to
the study of the daily food requirement of man, with special re-
ference to the necessary amount of protein", and a bibliography and
review of the most important metabolism experiments which refer to
the subject up to the year 1902.
The experiments reported were conducted by the author
upon himself, through a total of 746 days. The experiment was
divided into three periods of 10 months, 50 days, and 8 months
each. The periods were not consecutive, and really constituted
three separate experiments. In the longer periods, only the food
was measured and analysed, and not even all the articles of the
diet v/ere analysed by the author himself. For the values of some
he depended upon results taken from previous investigations, To
the amounts of protein, carbohydrates and fats thus found to be
ingested, he applied the ratios of absorption or digestibility
previously determined by other investigators and determined the
metabolism of the various nutrients. The diet consisted of meats,
and smaller quantities of bread and vegetables, and in the 10

4months period contained considerable quantities of beer (1000 to
1500 c c per day) ; in the 8 months period, the amount of beer was
much smaller (about 150 c c per day) . Calculated for a body
weight of 70 kilos, the diet contained during the first period,
60. 1 grams protein, 83.5 grams fat, 830 grams carbohydrates and
43.7 alcohol. The fuel value amounted to 2199 calories. The
body weight increased slightly. During the third period, the
diet contained 74 grams protein, 106.1 grams fat, 164.2 grams car-
bohydrates, 5.3 grams alcohol and was equivalent to 1999 calories.
The second period constituted a. complete metabolism
experiment of 50 days. All food, and all excreta, were carefully
analysed. The experiment was begun with a diet low in protein
(51.3 grams). This was found insufficient to keep the body in
nitrogen equilibrium. The proportion of protein, fat, and car-
bohydrates was varied as the experiment progressed until the diet
was found which was sufficient to maintain nitrogen equilibrium.
During the last 15 days equi librium was established with 76.5 grams
protein, 155.7 fat, and 280 grams carbohydrates, the fuel value
being 8658.7 calories, (daily average).
Tn the bibliography and review of previous works, 307
experiments with families and individuals are considered. The
data are tabulated and also discussed, and are calculated for a
uniform body weight of 70 kilos for intelligent comparison.
Conclusions:
1. The tabulated uniform results collected from the
literature show that in 307 experiments with families and individ-
uals in
—

5181 cases the Voit standard of 118 grams of protein was not
reached
.
126 cases the Voit standard of 118 grams of protein was
exceeded
.
(2i Body weight was maintained in his own experiments on
diets containing less than the Voit standard. Moreover, three
distinct rations containing different amounts of food stuffs were
used at different times.
3. Wiley, H. W.j Bigelow, W. D. ; Weber, F. C; and others.
Influence of Food Preservatives and Artificial
Colors on Digestion and Health.
Bulletin No. 84, U. S. Department of Agriculture,
Bureau of Chemistry, Washington, D. C, 1904.
Part I.— Boric Acid and Borax:
Tris is a report of the investigations conducted by
Dr. Wiley at Washington to determine the effects of boric acid
and borax on digestion and health. The subjects of the experiment
were twelve men (civil service employes) . The time of the
experiment, seven months, was divided into six series. Series
1 to 5, lasted one month each; series 6, two months. Each series
consisted of a fore-, preservative-, and after-period. The
preservative was administered in increasing amounts except in the
last series, during which g gram was given. Food, feces, and
urine were analysed and the nitrogen balance determined.
The averages, taken from the general summary of nitrogen
balance tables (p. 306) are as follows:

Period Fore
—
Period
Pre servative
Period
After-
Period
If N in food, grams 1 f .41 1
r> /I *Z1 f .4o If . Do
2, N in feces, grams
~\ A A1 .44 T /t n1 .49 1 • OOD
3, N in urine, grams, 14 . yfo 14 • yd, 14 . do
4, N in feces and urine (2 + 3) 16.49 16 .4<d 15 .84
5, N in feces 2 f 1 percent o .ol o .6
o oo .o
6, N in urine 3—1 percent 86.0 85.5 81.4
?, N in feces and urine, 4 ~ 1$. 94.5 94.1 90.3
8, Balance 1 — 4 grams 0.964 1.02 1.69
9, Body weights, kilos, 6G.14 65.46 65.11
Part II.— Salicylic Acid and Salicylates.
A report of experiments similar to those reported in
Part iy* in which the effect of salicylic acid and salicylates
was sought. The investigation was conducted similarly to that
described in Part I. The number of subjects was increased to
twelve, and al3 were under observation at the same time. The
preservative was administered in tablets and capsules. The ex-
periment continued for 55 days. Food, feces, and urine were
analysed and the nitrogen balance was determined.

7Nitrogen Balance
(Average from summary for nine men) Series VI
.
Fore— Preservative-
Period Period
- After-
Period
In food, grams 15.46 15.37 15.46
In feces, grams 1.29 1.15 1.21
In urine, grams 13,50 13.51 13 .56
In feces and urine, grams 14.79 14.66 14.77
In feces, percent 8 .33 7.50 7.83
In urine, percent 87 .32 87.89 87.75
In feces and urine, percent 95.64 95.39 95.58
Ealance, grams + .67 + .71 + .69
Salicylic acid, grams 0.00 1.02 0.00
Regarding the influence of the preservative upon nitrogen
metabolism, the author says: "The administration of salicylic acid
increased the katabolic activities of the organ, resulting in an
increased excretion of the solid matter in the urine". The data
indicate that the preservative tends to increase slightly the
digestibilities and absorption of the nitrogen ingested.
In a supplementary experiment, the effect of the pre-
servative on the distribution of the nitrogenous constituents of
the urine was studied. Two men were placed upon a salicylic acid
diet; two on a salicylate diet. Total nitrogen, the nitrogen
present as urea, as uric acid, as xanthin, as kreatinin, and as
ammonia were separately determined. The methods employed were:

8for urea, Morner—Sjoqoist (68)*and Braumstein.
uric acid, Folin's modification of Hopkin's
method, (3?)
.
kreatinin, Folin (35)
.
xanthin, Kruger-Schmidt
.
Nitrogenous Constituents of Urine
Average from Summary of the four Subjects.
p , , Fore- Preservative- After-r r Period Period Period
Total nitrogen ingested, grams 16 .72 17.00 17 .00
Nitrogen in urine (grams)
Total 14.12 13.96 it-' . Tt i
As urea 12.94 12.73
As uric acid .17 .15 1 7• -L '
As xanthin .04 .04
As kreatinin .49 .54 .47
As ammonia .27 .21 .27
Undetermined .21 .28 .27
Percent of ingested nitrogen in urine 84.4 82,1 78.9
Percent of total nitrogen of urine determined as
Urea 91.6 91.2 91.8
Uric acid 1.2 1.1 1.3
Xanthin 0.3 0.3 0.1
Kreatinin 3 .5 3.9 3.5
Ammonia 1.9 1.5 2.0
Undetermined 1.5 2.0 1.3
*The numbers in brackets refer to the references given in tiiis
Bibliography
.

9Part TTI.- Sulphurous Acid and Sulphites.
This investigation, to determine the influence of
sulphurous acid and sulphites upon digestion and health, was
conducted practically the same as that reported in Part IT.
Twelve men were used as subjects. Six were fed upon a diet con-
taining sodium sulphite (administered in capsules); six upon a diet
containing sulphurous acid (in the drinking water) . Supplemental
experiments to determine the effect of the preservatives upon the
distribution of the nitrogenous elements in the urine v/ere made as
in Part II and simultaneously with those there reported.
Nitrogen Balance
Average per man per day from summary for first 6 men
Period
Fore- Preservative- After-
Period Peri od Period
In food, grams 17 .77 17.42 16.71
In feces, grams 1.33 1.49 1.25
In urine, grams 15.18 15.19 14.74
In feces and urine, grams 16.45 16.67 15.99
In feces, percent 7 .50 8 .54 7.47
In urine, percent 85.10 87 .17 88.17
In feces and urine, percent 92.60 95.71 95.64
Balance, grams 1.32 .75 .72
Sodium Sulphite (S Og) 0.00 0.484 0.00
Body weights, kilos 63.71 62.78 62.28
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Ditto for second group of six men
In food, grams 17 .71 17 .46 17 .55
In feces, grams 1.42 1.53 1.62
Tn urine, grams 14 . 27 IS. 81 14.24
In feces and urine, grams 15.69 15.35 15.86
Tn feces, percent 8.04 8 .78 9.26
Tn urine, percent 80.55 79.10 81.13
Tn feces and urine, percent q q c noo • jy o r .oo yu .oo
Balance, grams 2.02 2.11 1.69
Sulphurous Acid (S 0q) 0.00 0.343 0.00
Eody weights, kilos 61.87 62.00 62.07
The effect of the preservative upon nitrogen metabolism
is not strongly marked. There is an increase in non-metabolized
nitrogen during the preservative period.
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Distribution of the Nitrogenous Constituents of the Urine
Average from summary for three men
Period
Fore— Preservative-
Period Period
After
Period
Total nitrogen ingested, grams
Nitrogen in urin
15.69
3 (grams)
15.69 15 .69
Total 12.58 12.15 12.32
Urea 11.41 10.93 11 .30
Uric acid .18 .17 .17
Xanthin .04 .03 .02
Kreatinin .50 .52 .49
Ammonia .22 .20 .23
Undetermi ned .24 .30 .09
Percent of ingested nitrogen in urine 80.18 77.44 78 .52
Percent of total nitrogen of urine determined as
Urea 90.68 89.98 91.76
Uric acid 1.45 1.41 T AnJ. •
Xanthin
.29 .24 .14
Kreatinin 3.96 4.27 3.94
Amnio nia 1.75 1.64 1.84
Undetermi ned 1.87 2.45 .73
In the special study, a decrease in the quantity of urea
excreted during the preservative period is shown. There is also a
decrease in the total nitrogen excreted, a fact which i3 contrary to
the tendency shown by the data in the nitrogen balance table.
Weather conditions and the fact that only three men took part in the
special study, make the results of the other the more important.
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4, Folin, Otto. Approximately complete analyses of thirty
"normal urines".
Amsrican Journal of Physiology (1905) 1_3_, pp. 58-65.
This article is a record of thirty fairly complete analyses;
of normal 84—hour quantities of urine, corresponding to a "standard
diet". They are presented because in "all the voluminous urine
literature there is still no record of the complete analysis of any
one concrete sample of a normal 84—hour quantity". Tne thirty
urines were obtained from six different normal persons who were all
k'3pt for seven days on one standard uniform diet. The first two
84—hour quantities were discarded and only the last five analysed.
The methods employed were for total nitrogen, Kjeldahl (copper
sulphate plus potassium sulphate); for urea and kreatinin, Folin'
s
methods (31), (33), and (33); for ammonia, Folin's aereation
method (34); for uric acid, Folin and Shaffer's method (37).
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Nitrogen — Averages
Average
Final Max. Min.
Body weights, kilos 57 .4 67 .0 70 .8 70 .9 56 .6 57 .8 63 .4 70.9 56 ,6
Vol. of urine, cc 1812 1196 1444 1242 1645 1239 1430 1812 1196
Total nitrogen, grams 16 .6 14 .8 16 .4 14.8 15.1 18 .2 16 .0 18 .2 14.8
Nitrogen as (in grams)
Urea 14.3 18.8 14.1 12.8 13.5 16.2 13.9 12.8 16 .2
Ammonia 0.85 0.69 0.74 0.77 0.55 0.60 0.70 .85 0.55
Kreatinin 0.59 0.54 0.59 0.66 0.50 0.59 0.58 .66 0.50
Uric acid 0.11 0.08 0.10 0.15 0.15 0.15 0.12 0.15 0.08
Undetermined 0.53 0.72 0.85 0.41 0.41 0.66 0.60 0.85 0.41
Percent of total nitrogen in urine determined as
Urea 87 .5 86.2 86 .2 86.7 89.4 89.0 87.5 89.4 86.2
Ammonia 4,1 4.6 4.5 5.0 3.6 3 .3 4.3 5.0 3.3
Kreatinin 3 .6 3.6 3.5 4.5 3.3 3 .2 3.6 4.5 3.2
Uric acid 0.7 0.6 0.6 1.0 1.0 0.8 0.8 1.0 0.6
Undetermined 3.10 5.00 5.30 2.80 2.70 3.70 3.75 5.30 2.70
The diet was a special one, a fluid egg and milk diet,
containing approximately 119 grams of protein. The nitrogen deter-
mination made at different times varied from 18.80 to 19.05 grams
.
The diet fulfils tne requirements of the so-called dietary standards
With reference to protein it corresponds almost exactly with the
value demanded by Voit for a man weighing 70 kilos.
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There is no discussion of the data "for the very reason
that they correspond so closely to what we have been accustomed
to consider normal". Special points are left for the following
paper, "Laws Governing the Chemical Composition of Urine". (5)
5. Folin, Otto.
Laws Governing the Chemical Composition of Urine,
American Journal of Physiology, (1905)
_13_, p. 66.
This article is a study of human urines obtained from
diets which are as different from the so—called standard diets as
they could be made. The first subject studied was a professional
man who was accustomed to a diet low in protein. The maximum and
minimum of the analyses of his urine, for a period of 1C days,
showed the folio wi rig:
Maximum Minimum
Total nitrogen, grams 8 .0 4.8
Nitrogen as urea (p.ct. of total urinary nitrogen) 80.4$ 62.0$
Nitrogen as ammonia, do
.
ii.7% 4.8$
Nitrogen as kreatinin, do 11.1% 5.5$
Nitrogen as uric acid, do 2.4$ 1.2$
Nitrogen as undetermined nitrogen, do. 14.6$ 4.8$
These, compared to the results obtained in the analyses
of 3C normal urines (4) showed a remarkable "transposition of the
nitrogen compounds", the cause of which was naturally sought in
the fact that the protein metabolism had been greatly reduced. "In
the metabolism literature is to be found considerable evidence
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tending to show that the percentage composition of urine is not
the same on a diet containing but little protein as in one rich
in that constituent".
For a more detailed study of the laws or conditions
governing the formation and elimination of the several more im-
portant urinary constituents, four feeding experiments, all
practically alike, were conducted. Each experiment was divided
into three periods. In the first period (three or four days in
length) the standard protein rich diet, described in the previous
paper (4) was used. The urine eliminated at the end of this
period was exactly like that of the subjects of the previous paper.
For the second period (7 to 10 days) a complete change in the
character of the diet was made. The new diet contained only about
one gram of nitrogen. In the third period (1 or S days) the first
diet was again used. The low nitrogen diet, "the starch and cream
diet", consisted of 400 grams of pure starch and 300 cc cream, con-
taining 15 to 2C% fat. "With a reduction of the total nitrogen
and total sulphur in the urine, we find a smaller percent repre-
sented as urea and as inorganic sulphates and a relative increase
in the other representatives of these two elements." The laws
governing the composition of urines are deduced. Those relating
to the nitrogenous compounds are stated as follows:
Kreatinin.— "The absolute quantity of kreatinin eliminated
in the urine on a meat free diet is a constant quantity differing
for different individuals but wholly independent of the quantitative
changes in the total amount of nitrogen eliminated." This fact
makes kreatinin the most reliable index as to the amount of a
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certain kind of protein-metabolism occurring daily in any given
individual. The amount differs for different individuals. It
depends chiefly on body weight. Physical conditions, i .e
.
, the
amount of adipose tissue present and muscular work , influence the
amount, too.
Uric Acid .-"When the total amount of protein metabolism
is greatly reduced, the absolute quantity of uric acid is dimin-
ished but not nearly in proportion to the diminution in the total
nitrogen, and the percent of uric acid nitrogen in terms of the
total nitrogen is therefore much increased." The deduction of
Burian and Schur (18) that "the 'endogenous' uric acid is for each
individual a constant quantity", is questioned.
Ammonia.— "With pronounced diminution in the protein
metabolism (as shown by the total nitrogen in the urine) there is
usually, but not always, and therefore not necessarily, a decrease
in the absolute quantity of ammonia eliminated. A pronounced
reduction of the total nitrogen is, however, always accompanied by
a relative increase in the ammonia nitrogen, provided that the
food is not such as to yield an alkaline ash." Ammonia is a base.
Its formation in the animal organism is probably quantitatively de-
termined by the necessity of forming salts. Since the human
organism is capable of converting some of these salts into urea,
the character of the acids forming these salts determines the amount
of ammonia appearing in the urine. The salts not readily changed
thus are those of sulphur and phosphoric acid residues, and of
certain organic acids.
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Undetermined Nitrogen.- "The absolute quantity of undeter-
mined nitrogen decreases under the influence of the starch and
cream diet but in percent of the total nitrogen there is always
an increase,"
Urea.— "Urea is the only nitrogenous substance which
suffers a relative as well as absolute diminution with a diminution
in the total pro te in—metabolism." Urea which has always been con-
sidered the chief nitrogenous substance and to represent almost
90% of the total nitrogen in normal human urine and in nearly all
pathological urines, has been reduced in ten different cases to
about 60$. That earlier investigations have not shown this fact,
id probably due to errors in the methods used. A decrease to a
greater extent, not yet accomplished, is suggested as a possibility.
6. Folin, Otto.
A Theory of Protein Metabolism.
American Journal of Physiology. (1905) JL3, p. 117.
An interpretation of protein metabolism on tne basis of
observed variations in the percentage composition of urine, based
(for the greater part) upon the two papers published previously,
(4) and (5)
.
The two fundamental different theories concerning the
nature of protein metabolism, that of Pfluger (1893) and that of
Voit (1867) are discussed. Voit's theory is: "The protein of the
absorbed food passes through the blood to the different tissues and
cells, and is there katabolized under the influence of the living
protoplasm, but without first becoming an integral part of the
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latter." Volt's fundamental conception 3eems to be that the living
protoplasm is in a state of suspension, the circulating protein is
in .solution and the chemical decompositions that constitute protein
katabolism take place only in solution. The small amount of
living protoplasm which dies is at first only dissolved, thereby
becoming a part of the circulating protein derived directly from
the food
.
Pfluger's Theory.— "There is a decided chemical difference
between circulating protein and living protoplasm. The former is
stable towards oxidizing agents. The latter is very unstable.
All protein katabolized is first transformed into bioplasm, becomes
an integral part of the living tissue, and only as such undergoes
the oxidation that is supposed to constitute the most fundamental
chemical decomposition of protein metabolism." It is stated tnat
Pflliger admits the possibility that a certain amount of protein
may be katabolized in solution.
The chief evidence against Voit's theory rests upon the
experiments of Schondorff (76) which appears insufficient. The
chief evidence against Pflliger is the fact that very large quanti-
ties of protein are katabolized in a few hours.
Any theory concerning metabolism must harmonize with the
laws governing the chemical composition of urine. The accepted
views concerning the composition, that quantitative changes in the
total protein metabolism do not affect the percentage composition,
agree with either Voit's or Pfluger's theory. The percentage
composition changes recently noted, do not agree with either.
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The author's theory of protein metabolism is based upon
his laws governing the chemical composition of the urine. There
are two distinct forms of protein metabolism represented by two
different sets of waste products. One tends to be constant and is
measured by the kreatinin and neutral sulphur elimination. This
is termed endogenous or tissue metabolism. The other varies in
amount and is termed exogenous or intermediate metabolism. The
chief representative of exogenous metabolism is urea.
There is no reason for assuming that the metabolism of
protein is brought about by the same chemical processes by which
the carbohydrates and fats are decomposed. Protein metabolism
is due chiefly to hydrolysis. The standard diets contain too much
nitrogen. The body is able to dispose of this rapidly without
allowing it to enter into the protoplasm or cell structure. First,
protein is changed in the digestive tract to proteoses, amido acids
ammonia and possibly urea. The hydro lytic decompositions are
carried further in the membrane of the intestines and in the liver,
Each split is such as to further the formation of urea. The
excess of protein is not stored. This explains the tendency to
keep nitrogen equilibrium. The non—nitrogenous portion of the
proteids is converted into fat and carbohydrates by oxidation.
Oxidation, too, is necessary to convert protein sulphur into sul-
phuric acid.
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7. Chittenden, Russel H.:
Physiological Economy in Nutrition.
New York, Frederick A. Stokes Co., (1905).
An experimental study to determine a possible physiolo-
gical economy in nutrition with speeia.1 reference to the minimal
proteid requirement of the healthy man.
The experiments reported were conducted with three dis-
tinct types of men. The first group consisted of five professional
men (university professors and instructors) who were accustomed to
mental rather than physical work. The second group was composed
of thirteen soldiers, volunteers from the Hospital Corps of the
U. vS . Army, and was representative of moderate workers. The third
group consisted of eight university students, thoroughly trained
athletes (men doing severe physical work) . The experiments were
conducted through a longer period of time (6 to 9 months) than
previous similar one3 had been. The diets were not strictly
prescribed. The daily output of urine was collected and analysed
with special reference to total nitrogen. The data given includes
daily (or average for short periods) body weights, volume of urine,
specific gravity, nitrogen, uric acid and Pg O5 . The Kjeldahl
method was employed for the determination of nitrogen. For uric
acid, Folin's method was used. Constancy in body weight was taken
as an indication that nitrogen equilibrium existed. To corroborate
;
equilibrium experiments, extending over periods of six days, were
conducted, during which all food and excreta were analysed. The
soldiers and athletes were under constant supervision of the
director of the Yale gymnasium, and their physical condition at
4.v -u , tesLsthe beginning and the end of theexperiment was noted. Psycologica
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reaction time and steadiness, were made on the soldiers and
athletes at the beginning and end of the experiment. The blood
was studied.
Conclusions
:
1. Body weight, health, strength, mental and physical vigor
and endurance can be maintained and improved with at least one-
half of the proteid food ordinarily consumed (118 grams, the Voit
standard)
.
2. Most individuals, especially those not leading an active
out of door life, need less than half of the amount prescribed by
ordinary dietary standards (118 grams)
.
3. Body equilibrium can be maintained on far less than 3000
calories per day by the brain worker. Even tiiose who perform con-
siderable physical work have no need for 3000 calories.
4. The minimum requirement of proteid food is 0.093 to
0.134 grams of nitrogen daily per kilo body weight.
8. Chittenden, Russel H .
:
The Nutrition of Man.
New York, Frederick A. Stokes Co., (190?).
A systematic account of our knowledge regarding some of
the more important processes of nutrition, with special reference
to the needs of the body for food. The book is divided into eight
chapters as follows:
I. Foods and Their Digestion.
II. Absorption, Assimilation and the Processes of
Metabolism.
III. The Balance of Nutrition.
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IV. Source of the Energy of Muscular work with some
Theories of Proteid Metabolism.
V. Dietary Habits and True Food Requirements.
In this chapter, the author discusses his own
experiments with professional men and with
athletes as reported in his book "Physiological
Economy in Nutrition", (7)
VI . Further experiments and Observations bearing on True
Food Requirements.
The chapter includes the writer's experiments
on soldiers as reported in (7) .
VII. The Effect of Low Proteid Diet on High Proteid
Animals
.
Experiments with dogs as subjects.
VIII. Practical Applications with some Additional Data.
Conclusions.— The plan of living that is moderate and
simple, and modeled along scientific and intelligent lines, promises
health, strength, longevity, and increased efficiency.
9. Benedict, Francis Gano:
The Influence of Inanition on Metabolism.
Washington, D. C. Carnegie Institution of Washington ( 1907,
The purpose of the work reported in this book was to
study as completely as possible the metabolism in fasting man.
Respiratory exchange and heat production were made the special
subjects of study. Experiments during prolonged fasting were made
to note the fluctuations in metabolism from day to day. A series
of 2—day fasts with a number of subjects was included to eliminate
the influence of individuality. The rapidity and amount of gain
ous
of nitrogenA material following a prolonged fast were studied as a
closely related supplementary problem. Food, feces, and urine
were analysed. Nitrogen was determined by the Kjeldahl method;
ereatin and creatinin by Folin's method. The subjects were all
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students except one who was accustomed to fasting, having done so
previously. All were in good health. The fasting experiments
were conducted within the Respiration Calorimeter.
Nitrogen Excretion (grams)
Averages of fourteen experiments
3
-day, 8 4—dav. 1 5—day, and 1
Days Total Per kilo
Body Weight
First day 10.03 0.156
Second day 18.76 0.808
Third day 13,08 0.813
Fourth day 11.44 0.198
Fifth day 10.43 0.186
Sixth day 10.74 0.190
Seventh day 10.13 0.181
The maximum excretion occurs on the third day. Although
the evidence is insufficient for any definite conclusions, the
results would imply that after the first fasting day, the supply
of reserve protein has little if any effect upon subsequent ex-
cretion of nitrogen.
Creatin and Creatinin.
The amount of total creatinin (creatin plus pre-
formed creatinin) remained singularly constant on all days of the
fast. The amount of preformed creatinin decreased, while the
amount of creatin increased as the fast progressed. Two explana—
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nations for these facts are given: (1) They are due to a decrease
in the power of the "body to dehydrate the creatin resulting from
protein katabolisrn. (2) The fact that the total creatinin remained
constant would indicate that tissue katabolisrn is supplemented by
some other source of creatinin. The increase in creatin suggests
increase in body—flesh katabolized . The creatinin is derived
from the dehydration of creatin or from katabolisrn of protein.
According to this hypothesis the total protein katabolisrn in the
first few days of fasting involves little muscle protein, but as
the fast progresses, muscle protein becomes disintegrated and re-
leases creatin which is excreted unchanged. The total creatinin
excretion is not affected by the total nitrogen excretion when
creatinin free diets are consumed. The total creatinin elimina-
tion varies according to the individual and in general with the
body weight. The excretion of creatinin per kilo body weight is
not influenced by proportion of body fat and height.
Uric Acid
.
The little data collected seem to indicate that
remarkable small amounts of uric acid are excreted by fasting man
after the first one or two days of fast.
In one 1-day and three 3—day experiments with food, which
were conducted in the calorimeter and followed immediately after
two of the fasting experiments, the data show a marked decrease in
the nitrogen excretion on the second and third days. Since the
nitrogen of the food remained constant, this indicates a tendency
of the body to adjust itself to the new condition of protein in-
gestion. In one experiment the body is nearly in nitrogen equi—
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librium on but 6 .37 grains of nitrogen, even after a prolonged
draft upon body protein.
Two metabolism experiments extending over longer periods
and conducted outside of the calorimeter, followed the experiments
just described. The most striking feature of these is the enormous
gain of nitrogen shown during the first and second weeks of the
first experiment. There are no definite relationships be tween gains
and losses of nitrogen. The subject of both experiments was the
same person.
Nitrogen Balance (Experiments 1 and 2)
.
Average per day by weeks
Weeks
1 2 3 4 (4 days )
Experiment No . 1
Nitrogen in food 21.11 21.80 17.38 15.67
Nitrogen in feces 2.35 3.88 2.79 2.54
Nitrogen in urine 10.60 10.56 11.40 11.86
Balance +8.17 +7 .36 +3.19 +1.27
Experiment No . 2
Ni trogen in food 19.61 19.41
Nitrogen in feces 2.46 2.36
Nitrogen in uri ne 14.13 12,48
Balance +3.02 +4.57
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SUMMARY
.
The Function of Nitrogen in Food.
Plants produce organic matter from inorganic substances.
Animals cannot do this. They can form organic matter only from
other organic substances taken directly from plants or indirectly
as animal food. Foods serve two purposes; they supply the heat
and energy for muscular work and also the material for the body
tissue. Since animal tissue is nitrogenous, nitrogenous food is
necessary for its synthesis. "Of the two kinds of nitrogenous
food, proteids and albuminoids, proteids only are of avai} ." (£6)
Nitrogen metabolism, then, is identical with protein metabolism.
Earlier investigators asserted that protein supplied not
only the material for tissue structure, but that it was also the
chief source of muscular energy. Fick (29) proved that the oxida-
tion of proteid was not the sole source of muscular energy. Bunge
(1?) declared that muscular work is maintained chiefly from the
supply of non—nitrogenous food and that not until this is unavail-
able, are the proteids attacked. Langstein (59) and Luthje (64)
stated that in the ordinary katabolic processes there is a tendency
for the nitrogen of the proteid molecule to split off, leaving a
carbonaceous residue which is oxidized more slowly than the nitro-
genous po-rtion and may be temporarily stored in the body as fat or
carbohydrate. According to Leatlies (61) protein metabolism as far
as it is concerned with the production of energy may be almost
non—ni trogenous metabolism. Nitrogen in metabolism, then, is
concerned chiefly with the tissue building and disintegration.
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Theories of Proteid Metabolism.
Folin (6) has discussed at length the two important
theories of protein metabolism, that of Voit and that of Pfluger.
Both are bused upon the assumption that the chemical composition
of urine, or the percentage composition, does not vary with the
total nitrogen metabolized. Folin (5) and others; (Siven (81),
Gumlich (42), Burian and Schur (18), and Carnerer (19)) have
demonstrated that the percentage composi tion of urine does vary
with the total nitrogen metabolized. Basing his conclusions upon
the study of the variation, Folin has formulated his laws governing
the chemical composition of urine (5) and his Theory of Protein
Metabolism (6) . He has distinguished two kinds of metabolism,
endogenous or tissue and exogenous or intermediate. According to
his theory, the amount of nitrogen that should be metabolized is a
quantity sufficient for endogenous metabolism plus enough to main-
tain a sufficient supply of reserve protein. This leads to the
question of minimal protein requirement and actual protein metab-
olism.
Standard Diets. Minimal Proteid Requirement.
Quantities of Nitrogen Metabolized.
Volt's standard diet for a man weighing 70 kilos and
performing a moderate amount of muscular work was 118 grams protein,
500 grams carbohydrates and 5G grams of fat, a diet with a fuel
value equal to 3055 calories. Ranke (74) stated that the daily
diet consists of 100 gram's of proteid, 240 grams carbohydrates and
IOC grams of fat, fuel value 2324 calories. Atwater, from a large
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number of experiments conducted in this country, concluded that
for a man doing severe muscular work a more liberal allowance of
protein was desirable, 18b grams, the diet possessing a total fuel
value of 3500 calories. Tn these experiments only the composition
of food digested was determined., The results therefore show only
approximately the actual quantities of nitrogen metabolized under
the conditions. Atwater and Bryant (14) found that university
athletes consumed 171 grams of proteid in one case, 160 grams in
another, and as much as 270 grams in a third. These results can,
however, hardly be considered normal. Lichtenfelt (62) states
that an Italian: laborer doing a moderate amount of work requires
1.10.5 grams of proteid, while at hard labor he needs 146 grams of
proteid daily. Gantier (39) says that the French people require
ordinarily 110 grams albuminous food, 68 grams fat, and about 423
grams of carbohydrates. If no work is done, the albuminous food
can be reduced to 78 grams providing 50 grams of fat and 485 grams
of carbohydrates are added to the diet. When eight to ten hours
work is done the albuminous food must be increased to 135 grams,
the fat to 8 5 to 100 grams, and carbohydrates to 500 to 900 grams.
V foods and Mansfield (85) found that the average daily amount of
protein ingested in the case of fifty Maine lumbermen v/as 185 grams.
Huitgren and Landergren (48) state that the daily diet of vSwedish
laborers doing hard work is 189 grams of proteid, 110 grams fat,
714 grams carbohydrates, with a fuel value of 4726 calories.
On the other hand, nitrogen equilibrium has been main-
tained on much smaller quantities of proteid food. Klemperer (54)
in an experiment on two young men (weighing 64 and 65.5 kilos)
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found that nitrogen equilibrium was established on 4.38 and 3.58
grams of nitrogen for eight days. The diet, however, contained
sufficient fat, carbohydrates and alcohol to give it a fuel
value of 5020 calories. Hirschfeld (43) kept himself (73 kilos)
in nitrogen equilibrium on a diet containing only 5 to 7.5 grams
of nitrogen, and having a fuel value of 3750 to 391G calories.
Breisi.cher (16) experimenting upon himself (57 kilos) observed
a daily excretion of nitrogen during 30 days of 8.23 grams, on
a diet containing 67.8 grams proteid and having a total fuel
value of 2866 calories. Siven (80) maintained nitrogen equi-
librium for 32 days on 6.26 grams of nitrogen. In another ex-
periment, nitrogen equilibrium was established on 4.5 grams for
a day or two at least. Kumagawa (56) on a purely vegetable
diet containing 54.7 grams proteid secured a storage of 4 grams
proteid per day for nine days. The nitrogen in the urine was
6.09~grams. His body weight was 48 kilos. Caspar! (20),
weighing 60. 2 kilos, maintained nitrogen equilibrium on 13.26
grams of nitrogen per day but could not do so on 10.1 grams
.
Tn reviewing 307 experiments, Neuman (2) found that,
when the data was calculated uniformly to correspond to a body
weight of 70 kilos, in 181 cases the Voit standard of 118 grams
of protein was not reached; in 126 cases, the Voit standard was
exceeded. He, himself, maintained nitrogen equilibrium for
some time on 76.5 grams protein.
Chittenden (7) determined the minimal protein require-
ment of healthy man to be .093 to .134 grams of nitrogen per
day per kilo body weight and demonstrated in several experiments
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that that quantity wa3 sufficient to maintain equilibrium and v/as
most efficient in general. The same investigator (SI) in an
earlier experiment found that body weight (?5 kilos) remained
conste-.nt when the amount of protein metabolized daily was 41.25
grams . A six day balance period showed the following results.
Nitrogen (grams)
Tngested Excreted Balance
In urine Tn feces Total
7,19 6.30 0.6 6.90 +0.29
The total fuel value was 1606 large calories. In
this experiment thorough insalivation was practiced.
Benedict (9) in experiments without food, reports a
nitrogen excretion per kilo body weight varying from 0.202 grams
on second day of the fast to 0.181 grams on the seventh day. These
quantities are considerably larger than those given by Chittenden
as the minimal requirement, yet they represent the amounts metab-
olized by subjects at rest while receiving no new supply. The
subject who underwent the seven day fast very nearly maintained
equilibrium on 6.37 grams of protein in a 3—day food experiment
following the fast. Tn the 5—week, metabolism experiment with
food (metabolism experiment No. 1) the body took on large amounts
of nitrogen, while the amounts katabolized were less in this case
than in the starvation experiments. Evidently then the quantities
of protein katabolized during fasting do not measure the mininal
requirements.

In Wiley's work upon the influence of preservative and
artificial colors on digestion and health (3), the quantities of
nitrogen metabolized vary in the different cases. In Part I the
average amount ingested in 17. 4G grams, and the balance is 1.22
grams for an average body weight of 65. G4 kilos. Tn Part IT, the
average amount ingested is 15.43 grams and the balance is 0.G9
grams for an average body weight of 65.57 kilos. In Part ITT the
average quantity ingested is 17.30 grams for the first group of
six men; the balance is +C.93 grams and the average body weight
is 62.92 kilos. For the second group of six men, the total
nitrogen ingested is 17.57 grams; the balance is +1.94 grams and
the body weight 61.96 kilos. These results agree closely with
the standards of Voit and Atwater.
olism of nitrogen, then, shows that the quantities of nitrogen
actually metabolized vary greatly. As a normal maximum quantity,
the amount called for by the Voit and Atwater standards may be
taken. Chittenden's standard may be considered the normal
minimum quantities. Calculated for a body weight of 70 kilos,
these are:
A general review of the literature concerning the me tab—
Voit,
Total per day Per kilo body weight per day
ITi trogen—grams . Nitrogen — grams.
18.89 0.290
Maximum
Atwater, 20.0 0.286
Minimum Ch i t tenden
,
5.82 to 8.38 0.093 to 0.134
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The great variations indicated are due to many factors,
chief of which are:
1. Body weight.— In general, the nitrogen metabolism is
proportional to the body weight for each individual.
3. Custooj.— A plentiful supply of proteid foods and the
ability to purchase these lead to their extensive use. Where such
foods are not available, a diet low in nitrogenous material
suffices, (Coirce, (85)),
3. Muscular Work.— Muscular work increases the amount of
tissue disintegrated and in this way increases the nitrogen
katabolism. The cutaneous excretion of nitrogenous material is a
factor to be considered in metabolism experiments and this, in
part at least, is dependent upon the muscular work.
4. Digestibility.— The amount of food that is actually
metabolized depends upon its character. Hirschfeld (45) states
that not more than 75% of ingested proteid can be digested and
absorbed in the case of many vegetables. This is a point to be
considered, too, in studying the nutritive value of a given diet.
Thorough mastication and in salivation, as pointed out by Fletcher
(30) aid digestion and hence influence the actual amount of protein
metabolized
.
Urinary Nitrogen Expressed as Percent.
It is interesting to note the percentage of the total
ingested nitrogen that appears in the urine. The quantity
appearing in the urine depends upon the digestibility of the food
and upon the condition of the body as regards the necessity or
desire to store nitrogenous material for reserve. Tn normal
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conditions, where nitrogen equilibrium is maintained, the amount
appearing in the urine will very nearly be the quantity actually
metabolized. Some of the results noted in the literature studied
tire as follows:
Percent of Total Nitrogen
appearing in Urine.
Wi ley (3), Part I, 84.2$ Average for entire experiment.
Wiley (3) , Part IT, 8? .65 Average for entire experiment.
Wiley (3), Part TIT, 8G.81 Average for first group of 6 men.
Wiley (3), Part TIT, 88.95 Average for 2d group of 6 men.
Folin (4), 86 .8 Average of 30 normal urines.
Folin (4), 89.4 Maximum of 30 normal urines.
Folin (4), 86.3 Minimum of 30 normal urines.
Benedict (9), 50.2
75.7
First week following a ?—day fast
Fourth week following 7—day fast.
In this last experiment, the body had lost its supply of
reserve protein during the seven day fast and was evidently re-
cuperating. During the first week, it took on daily an average
of 38.7$ of the nitrogen ingested.
Nitrogenous Constituents of the Urine.
The importance of determining the nitrogenous constituents
of the urine has been pointed out by Folin (5) and the significance
of the various constituents has been demonstrated there. In his
article on the Analysis of Thirty Normal Urines (4), the same
investigator has given the composition of thirty normal urines
obtained from subjects consuming a normal diet practically agreeing
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with Volt's standard. No comment regarding the results was
thought necessary "for the very reason that they correspond so
closely to what we have been accustomed to consider normal".
The average composition of normal urine as regards nitrogen, then,
may be considered as follows: (Body weight, 70 kilos.)
Grams Percent of
per Day Total Nitrogen
Total nitrogen, 17.7
Urea, nitrogen, 15.4 87.0
Ammonia, nitrogen, 0.77 4.35
Kreatin, nitrogen, 0.65 3.67
Uric acid, nitrogen, 0.13 0.73
Undetermined, nitrogen, 0.66 3.72
Regarding the method and the value of determining the
above constituents, Folin says — that compared to the older methods
it is much more satisfactory. The older methods were based on the
use of phosphatungstic acid as a precipitant. This was supposed
to precipitate quantitatively all the nitrogenous products except
urea and traces of monamido acids which were determined in the
filtrate. A series of additions and subtractions gave the diamido
acids (so—called). Other investigators (Morner (68) and Jaksch
(49)) have found this method unsatisfactory in quantitative urine
analysis. The newer method, on the other hand, gives a clearer
knowledge of the character of the metabolic processes that take
place
.
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Urea.— Urea has always been regarded as constituting
almost 90% of the total nitrogen of the urine, in normal cases.
Exceptions have been noted, as the ones reported by Folin. It
is a measure of the exogenous metabolism and is directly pro-
portional to the total nitrogen eliminated and, hence, in normal
cases, to the total nitrogen ingested.
Ammonia.— In normal urines, ammonia constitutes about
4.35^ of the total nitrogen. Its formation in the body depends
upon the character of the diet. As pointed out by Folin (5) the
body has the power to convert certain ammonium salts of organic-
acids to urea. Joslin (50) states that an excessive consumption
of fat leads to an enormous increase in the ammonia eliminated.
The quantity in the urine is not proportional to the total nitrogen
but a decrease in the total nitrogen metabolized generally results
in a decrease in the quantity of ammonia.
Creatinin.— Creatinin is a measure of the tissue or
endogenous ka taboli sm. The amount excreted per 24 hours by a
man weighing 70 kilos is, according to Folin, 0.65 grams.
Benedict (9) found that in fasting men, the excretion appeared to
be constant on all days of the fast but secured results higher
than that of Folin: viz., for a body weight of 55,4 kilos, 0.977
grams (minimum); 77.8 kilos, 2.029 grams (maximum). The amount
excreted appears to be dependent upon body 7«eight, muscular work,
adipose tissue, and quantity of meat contained in diet. On a
meat free diet, it is a constant quantity for each individual.
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Uric Acid.- About 0.73$ of the total urinary nitrogen
is present as uric acid, or, expressed in weight, it is equal to
0.13 grams per day. According to Folin (5) the absolute quantity
in
dimiAshes with the total nitrogen but not nearly in proportion to
it. Shaffer (8G) however, has found that it was not higher with
11 grams total nitrogen than it was with 4 grams total nitrogen
(with a non—purin diet) . His results corroborate the conclusions
of Burian and Schur (18) that "the 'endogenous' uric acid is for
each individual a constant quantity".
Undetermined Nitrogen.— The nitrogen termed undetermined
nitrogen includes purin basis, amino acids, and many bodies not
yet identified. In normal urines, 3.72^ of the total nitrogen
is. present in these forms. Expressed in grams, the quantity is
0.66 grams.
Part Two.
A study of the nitrogen data obtained in an extended
metabolism experiment with twenty—four men.
For a further consideration of the metabolism of
nitrogen in man under normal conditions, a collection of data is
included here, obtained in a metabolism experiment extending from
January 4, 1908 to July 29, 1908, a total of 208 days.
The subjects were twenty—four young men, university
students, all in good health. Their mode of life was that of the
average university student, a moderately active one both mentally
and physically. During the time of the actual experiment and for
some weeks previous to its beginning they lived in two adjacent
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houses, under sanitary, healthful and pleasant conditions. The
diet was a normal one, consisting of vetables, cecals, fruits,
meat, coffee, cocoa, etc. Each subject was allowed to choose the
quantity desired previous to the experiment in order to determine
the amounts of foodstuffs that he was accustomed to ingest. After
the quantities had been determined, they were carefully measured
in order to secure the daily ingestions of a uniform amount of
each element. This was done as far as practicable but no one was
forced to eat more at any time than he desired. All food served
was weighed or measured, and all not eaten likewise accounted for.
All foods were carefully sampled each day and composited and
analysed every four days. The urine was collected in daily por-
tions, and also composited and analysed every four days. The
feces were collected daily and composited and analysed every eight
days. Total nitrogen and moisture were determined in the com-
posite samples of foods and feces. Total nitrogen and nitrogen
present as urea, ammonia, creatinin and uric acid were determined
in the urine and undetermined nitrogen was gotten by difference.
The methods employed were: for total nitrogen, KJ 3ldahl—Sherman;
for urea, Folin and Benedict; for creatinin, Folin' s colorime tr i c;
for ammonia, Folin's aereation; for uric acid, Folin—Shaffer
.
The data included in this thesis were obtained from the
original data for four and eight day periods by averaging them for
sixteen day periods. The numbers given under the heading "Period
No." refer to the four day periods. This is true for all data
relating to nitrogen and its forms. In Table 1, arc given the
body weights for the twenty—four subjects. The average weight
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of each man for the entire experiment (208 days), and the maximum
and minimum weights during this time are given, together with the
averages for the entire experiment, of the four groups of six men
each into which the entire squad was divided, and the average for
the 208 days of the entire twenty-four men. These body weights
were calculated from figures for eight day periods.
The squad was divided into four groups (a, b, c, d,) of
six men each. The average quantities of ingested nitrogen, total
urinary nitrogen, and various nitrogenous constituents of the urine
for twenty—four hours; the percentage of ingested nitrogen excreted
in the urine and the percentage of the total urinary nitrogen
present in the various forms determined are found in Tables 2 to
14 for the four groups and for the entire squad . By combining
these data for groups in this way, the personal factors of the
individuals are to a great extent eliminated and a more abstract
and general consideration is possible. The average for the entire
squad allows, of course, the most general conclusions. The
remaining tables present the data for the individual subjects. Tn
Tables 15 to 18 are found the quantities of ingested nitrogen for
twenty—four hours; in Tables 19 to 26, the total urinary nitrogen
for 34 hours and the percentage of ingested nitrogen excreted in
the urine; in Tables 27 to 34, urea nitrogen for twenty—four hours
and percentages of total urinary nitrogen present as urea; in
Tables 35 to 42, similar data for ammonia nitrogen; in Tables 43
to 50, for creatinin nitrogen; 'in Tables 51 to 58, for uric acid
nitrogen; in Tables 59 to 66, for undetermined nitrogen.
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The experiment is divided into three sub—periods: the
first extending from January 4 to March S3; the second from March
24 to June 27; and the third from June 23 to July 29. These
sub—periods correspond to the seasons of the year; winter, spring,
and summer. Averages for the sub—periods are given in all cases.
Averages for the entire experiment are presented in all cases too,
and the quantities per kilo body weight have been calculated.
In the review of nitrogen metabolism presented in Part
One of this paper, some decided variations and different conclusions
were found. No doubt these differences are due to the different
conditions under which the experiments were conducted. Personality,
length of experiment, kind of diet, accuracy and thoroughness of
methods and analyses are factors that influence the results and the
character and quantity of metabolism. In the experiment here re-
ported, the errors due to these sources are to a great extent
eliminated. The fact that twenty-four subjects were used does
away with the personality factor. The experiment lasted 208 days
and extended through winter, spring, and a portion of the summer,
a sufficient length of time to give accurate and true results. The
influence of seasons and weather, too, can be noted. The diet was
a perfectly normal one. All foods and all excreta were carefully
measured and analysed.
Bo ly Weights and Nitrogen Equilibrium.
Table 1 shows that during the entire experiment the
variation in the body weights were slight. It is al3o true that
during the 208 days every subject either practically maintained
nitrogen equilibrium or put on nitrogen.

Ingested Nitrogen.
The quantity of ingested nitrogen for twenty-four hours,
as determined from the averages for the 208 days, varies from
10.58 grams (Subject 23, Table 17) to 15.78 grams (Subject 4,
Table 16) . Per kilo body weight, the amount ingested for twenty-
four hours varies from 0.177 grams (Subject 6, Table 16) to 0.231
grams (Subject 24, Table 18) . The figures for the groups (Table 2)
show a much smaller dif Terence. Here the minimum quantity is
13.04 grams and the maximum 13.70 grams. Per kilo body weight
the variation is from 0.195 grams to 0.210 grams. The average
for the entire experiment for the twenty—four men is 13.37 grams
per twenty—four hours, or, calculated per kilo body weight the
quantity is 0.202 grams per twenty-four hours. This quantity is
considerably less than that culled for by the Voit standard
(0.270 grams per kilo body weight for 24 hours), and is more than
the standard set by Chittenden (0.093 to 0.134 grams per kilo body
weight per 24 hours). Tn fact, it is exactly the mean of Voit's
st;jndard and the maximum of Chittenden's two values.
Tn general, there is a tendency for the quantities
ingested to decrease as the exiJeriment progresses, but this de-
crease is not very marked. A comparison of the figures for the
four groups shows a slight decrease in the cases of groups a, b_,
and c, and a slight increase in the case of group d. The averages
for the four groups show that the quantity ingested during the
winter months (first 3ub—period) (13 .40 grains) is practically iden-
tical with the quantity ingested during the spring months (second
sub—period) (13 .43 grams). During the third sub—period the
quant itydecreased slightly, being 13.09 grams.
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Total Urinary Nitrogen.
The total quantity of nitrogen appearing in the
urine per 24 hours, average for 208 days, varies from 8.39 grains
(Subject 14, Table 21) to 12.55 grams (Subject 4, Table 21). Per
kilo body weight, the average for 24 hours for the whole experi-
ment varies from 0.135 grams (Subject ?, Table 21) to 0.191 grams
(Subject 24, Table 25) . As in the case of the ingested nitrogen,
the differences in the amounts excreted, when averaged for the
groups, are much less. The minimum quantity is 10.44 grams,
(Group a) » the maximum is 11.14 grams (Group d) . Per kilo body
v/eight, the minimum quantity is 0.15? grams (Group a) and the
maximum 0.1?1 grams (Group dj . The average for 24 men for 208
days is 10.80 grans, or calculated per kilo body weight is 0.162
grams.
The general tendency is for the quantities to decrease
as the experiment continues through the warmer months, as in the
case of ingested nitrogen. The grand average for the first 80
days is 10.92 grams. During the second sub—period it is practical-
ly the same, 10.95 grams. During the last 32 days, it decreases
to 10.80 grams. The influence of the seasons is seen more clearly
from the results in Table 4, "Percentage of Ingested Nitrogen
Excreted in the Urine". The grand average for the first sub-
period is 81.54$; for the second, 81.21$; and for the third ?8.40$,
a noticeable decrease in each case. During the warmer months a
considerable quantity of nitrogen is excreted in the perspiration.
It has been found that during work the nitrogen of organic matter
excreted through the skin may amount to 0.22 grams per hour.*
Journal of Biol. Chem., 1906, 1, p. 263.
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Benedict (9) in two inanition experiments conducted
within the calorimeter, found an average cutaneous excretion of
nitrogen amounting to 0.039 grams per day.
The ratio of total urinar\r nitrogen to ingested nitrogen
ranges from 75.31$ (Subject 7, Table 83) to 84.98$, (Subject 30,
Table 36) . The grand average for the entire experiment is 80.91$.
This is a somewhat smaller proportion than has been found by other
recent investigators. In Wiley's experiments the percentage
varied from 84.3$ to 88.95$. The analyses of 30 normal urines by
Folin showed a variation of 86.3$ to 89.4$, the average being 86.8$.
Urea Nitrogen.
The average quantity of urea nitrogen excreted per 34
hours is 9.08 grams (grand average for 84 men, 808 days). Per
kilo body weight this becomes 0.136 grams. According to Folin,
normal .urines contain 15.4 grams per day (calculated for body
weight of 70 kilos) or 0.380 grams per kilo body weight.
The minimum quantity (average for 308 days) is found in
the case of Subject 14 (Table 39), 6.95 grams; the maximum in the
case of Subject 4, (Table 89), 10.40 grams. Per kilo body weight
the variation is 0.109 grams (Subject 7, Table 89) to 0.165 grams
f Subject 84, Table 33). The differences in the group average are
less. The average for Group a. is 8.55 grams; or 0.188 grams per
kilo body weight. The average for Group d is 9.39 grams, or 0.144
grams per kilo body weight.
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Urea is a measure of the exogenous metabolism and as such
should be proportional to the total urinary nitrogen. The percent
of total urinary nitrogen present as urea., however, decreases
decidedly as the experiment progresses. Table 6 shows that the
decrease is general and is found in the case of each group. In
the average for the entire squad, the percent of total nitrogen
present as urea changes from 84.49$ for the first sub—period to
83.56$ in the second sub—period, and to 81.66$ in the third sub-
period. Here again, in a very clear munner, is apparent the
influence of seasons, an influence acting not only upon the total
nitrogen metabolism, but upon its form as well. As lias been
pointed out, the cutaneous excretion of nitrogen is a factor of
some importance. Moreover, the nitrogen of perspiration is pre-
sent chiefly as urea. No doubt ,then, the decrease in the ratio
of urea nitrogen to total urinary nitrogen during the warmer months
is due to the fact that a considerable portion of the urea, is
excreted in the perspiration and is not accounted for.
The percentages of urinary nitrogen present as urea,
vary from 80.85$ (Subject 16, Table 88) to 87.55$ (Subject 9,
Table 28). The average for the 24 men is 83.63$. Urea nitrogen
has always been considered to constitute about 90$ of the total
nitrogen of the urine. In the experiments of Wiley, the percent
was about 90. In the analyses of 30 normal urines, Folin found
it to be 87$.
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Ammonia Nitrogen.
The minimum and maximum quantities of ammonia nitrogen
excreted per 24 hours (averages for entire experiment) are 0.339
grams, (Subject 5, Table 41), and 0.629 grams (Subject 4, Table 3?)
The average for all 24 men is 0.449 grams. Per kilo body weight
the minimum and maximum quantities are 0.0048 grams (Subject 2,
Table 39), and 0.0082 grams (Subject 3, Table 37). The average
for the entire squad is 0.0068 grams. This is considerable more
than found by Wiley in his short experiments and much less than
the amount determined by Folin in his analyses of normal urines.
The latter amounted to 0.011 grams per kilo body weight.
There is very little regularity shown in the quantities
excreted, and in the proportions that these bear to the total
urinary nitrogen. The ratio of ammonia nitrogen to total urinary
nitrogen varies from 3.20$ (Subject 5, Table 42) to 5.33$ (Subject
16, Table 36). The average for the 24 men is 4.20$. This is
very near the ratio found by Folin for normal urines, 4.35$. It
is, on the other hand, much greater than that determined by Wiley,
who found it to be about 1.8$.
Creatinin Nitrogen.
The excretion of creatinin and its physiological
significance are questions which are receiving a great deal of
attention at the present time. According to Folin' s theory, it
is a measure of the tissue metabolism and is a constant quantity
for each individual on a meat free diet. The diets in the ex-
periments under discussion contained meat in all cases. There is,
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however, a certain degree of constancy in the quantities for the
first two sub—periods in practically all cuses, During the last
3ub—period the quantities have increased considerably except in the
cases of Subjects 14 (Table 45) , and £1 (Table 4?) . The excretions
of Subject 11 (Table 49) are fairly constant throughout. In this
fact is seen the effect of season again. During the last sub-
period more opportunities for muscular activity was offered.
Muscular work increases the endogenous metabolism and hence the
creutinin elimination.
A point of interest in this connection is the relation
of the quantities per kilo body weight excreted by the individual
subjects. The minimum is that of Subject 10 (Table 49), 0.0088
grams; the maximum that of Subject 5 (Table 49), 0.0115 grams.
The difference between the two is not very great. The group
averages (Table 9) show a remarkable small variation. The average
for group a is 0.0102 grama per kilo body weight. For the other
three groups, the quantities are equal, 0.0105 grams. The average
for the twenty-four men is 0.0104 grams.
The minimum amount per 24 hours is found in the case of
Subject 14 (Table 45), 0.610 grams; the maximum in the case of
Subject 2 (Table 47), 0.838 grams. The average for the twenty-
four men is 0.G90 grams. In percent of total urinary nitrogen
the minimum is 5.58$ (Subject 24, Table 50), and the maximum, 8.07$
(Subject 7, Table 46) . The average for the twenty-four men is
6.49$. Folin gives as the normal creatinin excretion 0.0093 grams
per kilo body weight, a quantity very close to that found in this
experiment. Calculated as percent of total urinary nitrogen,

Folin' s ratio, 3.67$, is mucii smaller than the one given here.
Benedict in his inanition experiments found a higher daily ex-
cretion of creatinin, the quantities ranging from 0.176 to 0.264
grams per kilo body weight. This fact tends to support the view
that the source of creatinin is tissue katabolism, Wiley, in
his supplementary experiments, finds the daily output of creatinin
to be 0.50 grams, 3.6$ to 4$ of the total urinary nitrogen.
Uric Acid Nitrogen.
The quantities of uric acid nitrogen for 24 hours
(averages for 208 days) vary from 0.136 grams (Subject 14, Table
53) to 0.230 grams (Subject 20, Table 57). The average for the
24 men for the entire experiment is 0.191 grams. Per kilo body
weight the variation is very small indeed. The minimum is
0.0023 grams (Subject 10, Table 57), and the maximum is 0.0037
grams (Subject 20, Table 57) . The average for the entire squad
is 0.0028 grams per kilo body weight. The ratio of uric acid
nitrogen to total urinwry nitrogen ranges from 1.51$ (Subject 5,
Table 58), to 2.15$ (Subject 15, Table 56). The average for the
twenty—four men is 1.73$. These figures are higher than those
determined by Folin for normal urines. He states that the normal
excretion of uric acid nitrogen is 0.0019 grams per kilo body
weight and that it represents only 0.73$ of the total urinary
nitrogen. Wiley found the uric acid nitrogen to constitute 1.1$
to 1.45$ of the total urinary nitrogen.
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There is no regular increase or decrease in the
quantities eliminated as the experiment progresses. In fact,
in all cases there is a noticeable constancy in the daily elimi-
nation. This is apparent in the group averages (Table 11). In
the grand average for the whole squad the excretion during the
first sub—period is C.191 grams, during the second sub-period
0.184 grams, and during the last sub—period 0.183 grams. The
excretion of uric acid nitrogen appears to be a constant quantity.
Moreover, it is directly proportional to the total
urinary nitrogen. That the ratio of uric acid nitrogen to total
urinary nitrogen is fairly constant is shown by Table 12.
According to Folin, the absolute quantity diminishes with the
total nitrogen but not nearly in proportion to it. The results
obtained in this experiment would indicate that it is directly
proportional to the total nitrogen elimination and, as stated by
Buri&n and Schur and by Shaffer, it is for each individual a con-
stant quantity. According to Burian and Schur, and Shaffer, it
is a constant quantity when a purin free diet is used. In this
experiment the diet contained meat, a fact which would affect the
degree of constancy. As the quantity of meat was fairly constant,
however, it might be expected that the uric acid excretion would
remain fairly constant.
Undetermined Nitrogen.
The quantity of undetermined nitrogen per 24 hours
(average for 208 days) varies from 0.108 grams (Subject 20,
Table 85), to 0.590 grams (Subject 8, Table 59), The average for
the twenty—four men is 0.426 grams. Per kilo body weight, the
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variation is 0,0017 grams (Subject 20, Table 65), to 0.0086 grams
(Subject 8, Table 59 and Subject 11, Table 65) . The average for
the whole squad is 0.0064 grams. The ratios of undetermined
nitrogen to total urinary nitrogen range from 1.09^ (Subject £0,
Table 66), to 5.34$ (Subject 10, Table 66). The average for the
whole experiment is Z.9b%, Per kilo body weight, the quantity
is somewhat smaller than that given by Folin for normal urines,
0.0093 grams. As percent of total urinary nitrogen, Folin*
s
ratio, 3.7e$, is very similar to the 3.95/fc obtained here. There
are no regular changes or variations in the amounts of undeter-
mined nitrogen and no degree of constancy.
Conclusions
.
Under normal conditions of health, diet and life, and
when a moderate amount of physical and mental work are engaged in,
the following facts concerning the metabolism of nitrogen in man
are true
:
(1) The daily amount of nitrogen ingested is 13.3? grams,
(when the body weight is 66.1 kilos), or, for a body weight of
70 kilos, the daily ingested nitrogen is 14.14 grams. This
corresponds to 88.37 grams of protein per day. Per kilo body
weight the daily ingested nitrogen is 0.203 grams.
(2) (a) The average daily quantity of nitrogen excreted
in the urine is 10.80 grams or 0.162 grams per kilo body weight.
(b) 80.91^ of the daily ingested nitrogen is excreted
in the urine.

(3) The chemical composition of the urine is as follows:
Total per Per Kilo Body Percent of Total
24 hours Weight, grams Urinary Nitrogen
(grams)
in fin
Urea Nitrogen, 9,02 0.136 83 .63
Ammonia Nitrogen, 0.449 0.0068 4.20
Creatinin Nitrogen, 0.690 0.104
0.0028
6.49
Uric Acid Nitrogen, 0.187 1.73
Undetermined Nitrogen, 0.486 0.0064 3.95
(4) The quantity of urea nitrogen is proportional to the
total urinary nitrogen, except as the character of the urea ex-
cretion is changed by the seasons of the year.
(5) The quantities of creatinin and uric acid nitrogen
eliminated are fairly constant and are proportional to the total
urinary nitrogen.
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